Synthesis of Nb 2 C Nanosheets.
Two-dimensional Nb 2 C nanosheets were synthesized by two-step exfoliation procedure.
In order to remove the middle Al layer, HF (50 mL) was added into Nb 2 AlC under stirring for 48 h at room temperature (RT). After centrifugation and washing with ethanol and water several times, the collection was dispersed in TPAOH (60 mL) with stirring for 72 h at RT. Then, the Nb 2 C nanosheets were collected after centrifugation and washing with ethanol and water for several times.
Synthesis of Nb 2 C -MSNs Composite Nanosheets.
CTAC (1 g) and TEA (0.01 g) solutions were diluted in deionized water (5 mL) with stirring for 20 min at RT. Followed by dropwise addition into Nb 2 C aqueous solution (5 mg, 10 mL), and stirred and ultrasound treatment for 1.5 h at room temperature. TEOS (100 μL) was then dropwise added into the above mixture solution, and stirred for 1 h at 80°C in water bath to form the Nb 2 C-MSNs structure. To collect Nb 2 C-MSNs products, centrifugation and washing with deionized water for 3 times were sequentially conducted. To remove CTAC, as pore-forming agents, the above products were extracted with a mixture solution (50 mL, methanol: NaCl = 500 ml: 4 g) for 12 h at RT, then washed with ethanol for 3 times.
Surface PEGylation and NO Donor Conjugation of Nb 2 C-MSNs.
To improve the dispersion and hydrophilicity of the nanosheets, mPEG-Silane (50 mg) was added into Nb 2 C-MSNs aqueous solution (25 mL) and stirred for 24 h. The Nb 2 C-MSNs-PEG were collected by centrifugation and washing with deionized water for 3 times to remove extra mPEG-Silane. In order to graft S-nitrosothiols (R-SNO) group into the mesoporous structure, Nb 2 C-MSNs-PEG was initially modified with -SH group and then reacted with tert-butyl nitrite. Ammonia (30%, 100 µL) and MPTES (75 µL) were added into Nb 2 C-MSNs-PEG solution (ethanol, 20 mL) and stirred for 12 h at RT. Then the products of Nb 2 C-MSNs-SH were washed with ethanol for 3 times and dispersed in 15 ml mixture solution (methanol/toluene = 4: 1). Followed by adding t-butyl nitrite (1 mL) into above solution and stirring for 24 h in the dark, the resulting Nb 2 C-MSNs-SNO products were collected by centrifugation and washed with deionized water for 3 times.
In Vitro photothermal Performance of Nb 2 C-MSNs-SNO.
The infrared thermal imager was applied to record the temperature changes during the laser irradiation (1064 nm) and determine the in vitro photothermal performance of Nb 2 CMSNs-SNO. Firstly, the extinction coefficient and photothermal-conversion efficiency of Nb 2 C-MSNs-SNO were determined. To record temperature-changes curves of Nb 2 C-MSNs-SNO, different concentrations of Nb 2 C-MSNs-SNO aqueous solutions ([Nb] = 0, 10, 20, 40, 80, 160, 320 
Measurement of NO Release.
The NO release from Nb 2 C-MSNs-SNO was qualitatively assessed and quantitatively measured using a typical Griess assay. To determine the cumulative release of NO from 
CLSM Analysis and Flow Cytometry Observation of Intracellular Endocytosis.
4T1 cells were seeded into CLSM-specific culture dishes (35 mm × 10 mm) and 6-well plates at a density of 1 × 10 5 and incubated for 24 h at 37 °C, following the medium was replaced by FITC-loaded Nb 2 C-MSNs-SNO (1 mL, [Nb] = 50 μg mL -1 ), which was then coincubated for 0, 1, 2, 4, and 8 h. Then, the medium was washed with PBS for 3 times, followed by cell nucleus was stained by DAPI for 20 min. CLSM imaging experiments were carried out on an Olympus FV1000 laser-scanning microscope equipped with a CW NIR laser (λ = 980 nm) as the excitation source. The flow cytometry was then used to evaluate intracellular endocytosis. Moreover, the mechanism of cellular uptake was investigated by pre-treatments of MβCD, sucrose, and amiloride for 30 min, followed by incubation with cells were coincubated with Nb 2 C-MSNs-PEG and Nb 2 C-MSNs-SNO at same concentrations for 5 min, then these cells were irradiated for 5 min using 1064 nm laser at different power densities. Finally, a standard CCK-8 protocol was used to assess cell viabilities.
In Vitro Flow Cytometry and CLSM Observation of Synergistic Therapies Effect of
Nb2C-MSNs-SNO.
Flow cytometry was applied to quantitatively assess cell apoptosis levels. Typically, 4T1
cells were seeded into 6-well plates for 24 h to attach on the dishes, then the medium was replaced by PBS, Nb 2 C-MSNs-PEG and Nb 2 C-MSNs-SNO ([Nb] = 100 μg mL -1 ) and incubated for 8 h. These cells were irradiated for 5 min using 1064 nm laser at different power densities (0, 0.5, 1.0 and 1.5 W cm -2 ). The cells were collected by dissociation via trypsin, centrifugation and washing for 3 times with PBS. Finally, the mixture solution, containing 5 μL PI and 5 μL FITC, was added into these cells for 20 min incubation. The flow cytometry was then used to evaluate cell-apoptosis levels. 4T1 cells were pre-seeded into CLSM-specific dishes at a density of 1 × 10 5 and cultured for 12 h to attach on the plates. Then, the PBS, alanine transaminase (ALT), and aspartate transaminase (AST). The major organs (heart, liver, spleen, lung and kidney) were obtained, fixed in 10% paraformaldehyde, and stained with hematoxylin and eosin (H&E) for histological analysis.
In Vivo Blood Circulation, Biodistribution and Metabolism of Nb 2 C-MSNs-SNO.
For pharmacokinetic analysis, five healthy female Kunming mice were intravenously administered with Nb 2 C-MSNs-SNO, followed by 10 μl blood samples were collected and immersed into saline (1 mL) containing heparin sodium (50 unit mL The faeces and urine were collected at varied time points (2, 6, 12, 24, 36 , and 48 h) and the Nb content in faeces and urine was determined by ICP-OES.
14. In Vitro and in Vivo PA Imaging. 15. In Vivo Photonic Thermogaseous Cancer Therapy against Tumor-Bearing Mice.
To establish xenograft tumor model, 4T1 cells (1 × 10 6 cell/site) dispersed in saline solution (100 μL for each mouse) were injected into the back of mice, which were the healthy female Balb/c nude mice (5 weeks old). These mice were randomly divided into six groups (n = 5), including (1) determined in 14-day period after synergistic therapy. Subsequently, the tumors and major organs (heart, liver, spleen, lung and kidney) were sliced and stained with H&E, TUNEL and Ki-67 for histological analysis. Furthermore, to understand the mechanism of tumor growth inhibition, the apoptotic proteins (Bid, Caspase-3, Caspase-7) expression levels were tested.
Statistical Analysis.
All data were expressed as mean ± standard deviation (SD). Student's t test was applied to evaluate the date with different significance levels (P values: *<0.05, **<0.01, ***< 0.001). 
